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Diamond-like carbon (DLC) films were deposited by the chemical solution process using negative bias on three 
substrates (cobalt, silicon, Indium Tin Oxide (ITO)). In the cobalt and ITO substrates, a solution of methanol at 
60 degrees was employed as the electrolyte. In the silicon substrate, the electrolyte consisted of methanol and 
methanol-ammonia solutions at 60 degrees. From the results of Raman spectra and X-ray photoelectron 
spectroscopy, it was confirmed that: (I) the film on cobalt substrate was amorphous containing small amounts of 
diamond component, (II) the film on silicon substrate was composed of DLC structure and nitrogen atoms were 
doped in the film, (III) the Raman spectrum of film on ITO substrate showed lines at 1130 cm-1, 1300 cm-1, 
1460 cm-1, inherent those of polyacetylene compornent . 
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ᅗ 1 ࡟ DLC స〇ࡢࡓࡵࡢ⿦⨨ᅗࢆ♧ࡍࠋᐇ㦂࡟⏝࠸
ࡓ⁐፹ࡣࠊձMeOH ⁐ᾮࠊղ࢔ࣥࣔࢽ࢔࢞ࢫࢆ 3 ࣜࢵ




ࢺࣝ/ศࡢὶ㔞࡛ 3 ศ㛫ࣂࣈࣜࣥࢢࡋࡓ MeOH ⁐ᾮ
㸦MeOH-NH3㸧ࡢ 2 ✀㢮࡛࠶ࡿࠋࡲࡓࠊ㝧ᴟ࡜ࡋ࡚Ⅳ⣲
ᯈࢆࠊ㝜ᴟࡣ Co㸦ࢥࣂࣝࢺ㸧ᇶᯈࠊSi㸦ࢩࣜࢥࣥ㸧ᇶ








ᐃࡋࠊ⁐፹ ᗘ 60Υࠊ㟁ὶᐦᗘ 0.29㹼4 mA/cm2ࠊ〇⭷





















Fig.1. Schematic diagram of deposition system 
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ᅗ 2 ࡣࠊMeOH ⁐፹୰࡛ Co ᇶᯈୖ࡟㟁ὶᐦᗘ 4 





















Fig.2. Raman spectrum of film on Co substrate 
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ᅗ 3 ࡣࠊMeOH ⁐ᾮཬࡧ MeOH-NH3⁐፹࡛Ⅳ⣲ᯈ








ࡣࠊࡑࢀࡒࢀ⣙ 2ȝm ࡜⣙ 1014 ȍcm ࡛࠶ࡗࡓࠋ୍᪉ࠊ
MeOH- NH3⁐፹୰࡛స〇ࡋࡓⷧ⭷ࡢ⭷ཌ࡜᢬ᢠ⋡ࡣࠊ




Fig.3. Voltage-time characteristic of films deposited for 




Table 1. Work function values of DLC films 
 Work function [eV] 
Solution MeOH  MeOH-NH3 









ᅗ 4 ࡣࠊ␗࡞ࡿ⁐፹୰࡛స〇ࡋࡓⷧ⭷ࡢ AFM ീ࡛
࠶ࡿࠋMeOH ⁐፹୰࡛స〇ࡋࡓⷧ⭷ࡢᖹᆒ㠃⢒ࡉ
㸦Rz㸧ࡣ⣙ 780 nm ࡛ࠊ᭱኱⣙ 1ȝm ࡢพฝࡀㄆࡵࡽ
ࢀࡓ㸦ᅗ 4(a)㸧ࠋ୍᪉ࠊMeOH-NH3⁐፹୰࡛స〇ࡋࡓ










(a) Methanol solution 
 
(b) Methanol-ammonia solution 
Fig.4. AFM images of films deposited in (a) methanol 
and (b) methanol-ammonia solutions 
ᅗ 5 ࡟ࠊ␗࡞ࡿ⁐፹୰࡛స〇ࡋࡓⷧ⭷ࡢ࣐ࣛࣥࢫ
࣌ࢡࢺࣝࢆ♧ࡍࠋ2 ࡘࡢⷧ⭷ඹ࡟ࠊ1400 cm-1㏆ഐ࡟ࢲ
࢖ࣖࣔࣥࢻᵓ㐀࡟㉳ᅉࡍࡿ D ࣆ࣮ࢡࠊ1580 cm-1 ㏆ഐ
࡟㠀ᬗ㉁Ⅳ⣲ᵓ㐀࡟㉳ᅉࡍࡿࣈ࣮ࣟࢻ࡞ A ࣆ࣮ࢡࠊ
1600 cm-1 ㏆ഐ࡟⤖ᬗᛶࡢ㧗࠸ࢢࣛࣇ࢓࢖ࢺᵓ㐀࡟㉳







































Fig.5. Raman spectra of films deposited for 8 h at 4 




Table 2. Atomic concentrations of films deposited for 8 
h at 4 mA/cm2 in (a) methanol and (b) methanol-ammonia 
solutions 
elements solutions C N O others
atom% MeOH 27 2 55 16 
MeOH-NH3 34 11 40 15 
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ᐇ㦂࡟ࡣࠊ࢞ࣛࢫᇶᯈୖ࡟ࢫࣃࢵࢱἲ࡟ࡼࡾ⭷ཌ⣙
100 nm ࡢ ITO ⭷ࢆタࡅࡓᇶᯈࢆ⏝࠸ࡓࠋࡲࡓࠊᾮ┦ྜ
ᡂ୰ࡢ⭷ᙧᡂ࡟ཬࡰࡍᇶᯈ⾲㠃ࡢᙳ㡪ࢆㄪ࡭ࡿࡓࡵ࡟ࠊ
ITO ⭷࡟-50 V ࡢ㟁ᅽࢆ༳ຍࡋ࡞ࡀࡽࠊ࢜ࢰࢼ࢖ࢨ࣮࡛
1 ศ㛫࢜ࢰࣥฎ⌮ࢆ᪋ࡋࡓᇶᯈࡶేࡏ࡚⏝ពࡋࡓࠋᅗ 6
ࡣࠊ60Υࡢ MeOH ⁐፹୰࡟࠾࠸࡚ࠊᐃ㟁ὶ 0.29 mA/cm2ࠊ




ᅗ 6 ࡼࡾࠊᮍฎ⌮ ITO ࡛ࡣࠊ1130 cm-1㸪1180 cm-1㸪
1220 cm-1㸪1300 cm-1㸪1330 cm-1㸪1460 cm-1㸪1580 cm-1
࡞࡝ከᩘࡢࣆ࣮ࢡࡀほ ࡉࢀࡓࠋ1130 cm-1㸪1300 cm-1㸪 
1460 cm-1ࡢࣆ࣮ࢡࡣࠊ࣏ࣜ࢔ࢭࢳࣞࣥ㸦PA㸧⏤᮶ࡢࣆ
࣮ࢡ 11)࡟㢮ఝࡋ࡚࠾ࡾࠊPA࡜DLC㸦1330 cm-1㸪1580 cm-1㸧
ࡀΰᅾࡍࡿ⭷࡛࠶ࡿࡶࡢ࡜᥎ ࡉࢀࡿࠋ୍᪉ࠊ࢜ࢰࣥ
㸦O3㸧ฎ⌮ ITO ࡣࠊ1400 cm-1㏆ഐ࡟ࢲ࢖ࣖࣔࣥࢻᵓ㐀
࡟⏤᮶ࡍࡿࣈ࣮ࣟࢻ࡞ࣆ࣮ࢡ࡜ 1580 cm-1㏆ഐ࡟㠀ᬗ㉁
Ⅳ⣲࡟⏤᮶ࡍࡿࣈ࣮ࣟࢻ࡞ࣆ࣮ࢡࡀほ ࡉࢀࠊ඾ᆺⓗ
















Fig.6. Raman spectra of films deposited on ITO substrates 
for 1 h at 0.29 mA/cm2 in methanol  
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